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ABSTRACT 
Previous research has implicated the involvement of androgens in sex-role orientation in males, from studies of 2nd to 
4th digit ratio (a purported marker of prenatal testosterone). The present pilot study investigates the relationship between 
salivary testosterone levels and sex-role orientation using Bem Sex Role Inventory (BSRI) scores in adult males. 
Twenty-one males (aged 18 - 24) completed the BSRI and provided saliva samples for assay. BSRI Femininity scores 
were significantly negatively correlated with testosterone levels; the higher the Femininity scores, the lower the testos-
terone levels. There was no relation of BSRI Masculinity scores with testosterone levels. Our preliminary results add to 
the research suggesting that sex-role orientation in males may be partially related to underlying hormone levels. 
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1. Introduction 
The aim of the present pilot study was to explore the re-
lationship between salivary testosterone levels and sex 
role identity in typically developed adult males, as meas-
ured with the Bem Sex Role Inventory (BSRI; [1]). Pre-
vious research with typically developed adult females has 
linked scores on the BSRI with salivary testosterone lev-
els [2]; with higher scorers on the Masculinity scale hav-
ing significantly higher testosterone levels than those 
with lower Masculinity scores. Androgenous and mascu-
line-sex-typed females (as classified by the BSRI) have 
also been found to possess higher salivary testosterone 
levels than feminine-sex-typed females [3]. In addition, 
females with a low 2nd to 4th digit ratio (a purported 
marker of high prenatal testosterone levels) have been 
found to show masculinised bias scores in the BSRI [4]. 
These findings in typically developed females parallel 
the findings in clinical studies on females with congenital 
adrenal hyperplasia (CAH), a condition caused by a defi-
ciency in the enzymes necessary for steroidogenesis with- 
in the adrenal glands, ultimately resulting in a hyper- 
secretion of adrenal androgens. In addition to physical 
masculinisation, females with CAH have been shown to 
demonstrate less interest in infants, less interest in fe-
male-typical toys (e.g. dolls) and female playmates, more 
interest in male-typical toys and male playmates, score 
lower on measures of nurturant tendencies, and show a 
masculine bias on a variety of personality inventories 
compared with control females (see [5] for review). 
In contrast to the research in females, no studies to 
date have looked at how typically developed adult male’s 
sex role orientation relates to their testosterone levels. 
Many studies have investigated 2nd to 4th digit ratio 
(2D:4D) in relation to men’s sex role orientation using 
the BSRI (e.g. [6-8]), however, the results have been 
equivocal. A recent large-scale study [9] found no asso-
ciations between 2D:4D and sex-role orientation (inclu- 
ding BSRI scores) in men. However, the same authors 
meta-analysis of 28 studies showed a reliable association 
of men’s 2D:4D and sex-role orientation (the majority of 
studies used the BSRI) with more masculine scorers 
having lower (more masculine) 2D:4D, albeit with a very 
small effect size [9]. 
Convincing evidence for the involvement of androgens 
in sex-role behaviour in males comes from genetic stud-
ies in males with impaired androgen function. The semi-*Corresponding author. 
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nal studies in this area [10,11] investigated genetic males 
with either of two autosomal recessive mutations that im- 
pair androgen synthesis or metabolism during embryo- 
genesis [17b-hydroxysteroid dehydrogenase 3 (17b-HS- 
D3) deficiency or steroid 5a-reductase 2 (5a-R2) defi-
ciency] and result in formation of female external genita-
lia and therefore female sex of rearing. The authors found 
that these males frequently change gender role behaviour 
from female to male at or after the time of puberty, 
whereas genetic males with mutations that permanently 
impair the function of the androgen receptor similarly 
show a female phenotype at birth, and are raised as fe-
males, yet retain female-gender type behaviour as adults 
(see [5] for review). 
Although no studies have related testosterone levels 
tosex-role orientation in typically developed adult males, 
recent research has demonstrated links between testos-
terone levels and variability in sex-typical behaviours in 
typically developing male boys. Auyeung et al. (2009) 
found that Prenatal testosterone levels measured in am-
niotic fluid relate positively to male-typical scores on a 
parental report questionnaire of sex-typical play in boys 
(and girls) [12]. Collectively these studies reviewed 
above, in typically developed males and in clinical popu- 
lations, suggest that androgens may constitute one of the 
important determinants of sex-role orientation in males. 
The current pilot study investigates how salivary tes-
tosterone levels in typically developed adult males relate 
to sex-role identity as measured by the Bem Sex Role 
Inventory (BSRI). Based on previous research, it is ex-
pected that men with higher salivary testosterone levels 
will have more male-typical scores on the BSRI. 
2. Methods 
2.1. Participants 
Twenty-one healthy male students (age 18 - 24, mean 
age = 21.00, SD = 1.81) were recruited from the Univer-
sity of Stirling, Scotland. All participants were of Euro-
pean ethnic origin (in order to minimise variance in tes-
tosterone levels found between different ethnic groups 
e.g. [13]). The age range of participants was limited to 
young adults in order to minimise variation due to age- 
related declines in testosterone levels (albeit a slight de-
cline of maximal 1.6% per year; see [14] for review). All 
participants were undergraduate or postgraduate students 
and were paid for their participation. 
2.2. Measurement of Sex Role Orientation 
All subjects completed the Bem Sex Role Inventory 
(BSRI; [1]). The BSRI was developed in order to meas-
ure psychological masculinity and femininity [1]. The 
BSRI is a widely used instrument, and has been demon-
strated to have strong psychometric properties (see [15] 
for review). There are 60 items in the BSRI (20 feminine, 
20 masculine and 20 non-gender related items). Using a 
seven-point Likert-type scale (1, never and almost never 
true; 7, always or almost always true), respondent sindi-
cate how well each characteristic fits their self perception. 
Scores for the masculine and feminine items are calcu-
lated for each scale separately, giving each participant a 
psychological Masculinity and psychological Femininity 
score. For both scales, higher scores indicate higher lev-
els of masculine or feminine personality traits, respec-
tively. 
2.3. Measurement of Testosterone 
Saliva was collected at the same time of day for each par- 
ticipant (2 - 4 pm), in order to minimise the impact of 
diurnal variation in testosterone levels. Saliva methods 
can measure the “free” portion of testosterone which is 
not bound to sex-hormone binding globulin, and is there- 
fore free to bind to receptors. Salivary testosterone con-
centrations are highly correlated with serum testosterone 
concentrations, and single measurements have been de-
monstrated to be reliable enough for use in behavioural 
research (e.g. [16]). Salivary flow was stimulated by 
having participants chew on a quarter stick of sugar free 
gum. Typically, participants collected between 3 and 5 
mL. Testosterone levels were assayed by the biological 
sciences laboratory at Queen Margaret University Col-
lege using an “in-house” enzyme-linked immunosorbant 
assay (ELISA). The assay procedure is based on the in-
direct, competitive binding technique [17]. Samples were 
first extracted using diethyl-ether. Four millilitres of 
ether was added to 500 µL of sample, vortex mixed for 
10 min and then frozen at −80˚C until the aqueous phase 
was frozen. The unfrozen ether was decanted and evapo-
rated with forced nitrogen. Samples were finally recon-
stituted with 500 µL of assay buffer and vortex mixed 
prior to assay. Assay sensitivity was 1.24 pg/mL; intra- 
and inter-assay imprecision coefficients of variation, ob-
tained over 50 assay runs, were 5.7% and 8.7%, respec-
tively; cross reactivity with related compounds was 
minimal and the standard curve was highly reproducible 
(r = 0.998). Mean testosterone levels were 0.19 ng/mL 
(S.D. = 0.07) which falls within population norms for 
males in the laboratory at that time of day (2 - 4 pm). 
3. Results 
Shapiro-Wilk tests for normality revealed that not all 
variables were normally distributed, therefore Spear-
man’s Rank correlations were used. Although Pearson’s 
R correlation analyses produced comparable results, the 
Spearman’s Rank correlation co-efficients are reported as 
they represent a more conservative measure of correla-
tion. One-tailed tests were used as clear directional pre-
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dictions were made. 
Testosterone levels were significantly negatively cor-
related with BSRI femininity scores (r = −0.415, n = 21, 
p = 0.031) see Figure 1. There was no significant corre-
lation between testosterone levels and BSRI masculinity 
scores (r = 0.096, n = 21, p = 0.340). 
4. Discussion 
The results of this pilot study demonstrate a statistically 
significant negative association between male salivary 
testosterone levels and scores on the BSRI femininity 
scale; those men with higher testosterone levels showed 
lower femininity scores. This result adds support to the 
idea that sex-role personality traits may be related to un-
derlying androgen levels. Previous research has impli-
cated the involvement of androgens in sex-role behaviour 
in males with disorders of impaired androgen function, 
and in sex-role orientation in typically developed males 
in studies measuring 2D:4D. The current pilot study is 
the first to suggest there is a relationship between sali-
vary testosterone levels and sex-role orientation in typi-
cal males. 
The current study found no correlation between male- 
testosterone levels and BSRI masculinity scores. Al-
though this result might be unexpected, it is comparable 
to a study investigating the same variables in women [2]. 
These authors found women with higher testosterone 
levels had higher BSRI masculinity scores than those 
with lower testosterone levels, whereas there was no re-
lationship between testosterone levels and BSRI feminin-
ity scores [2]. Therefore, in both this previous research [2] 
and the current study, testosterone was seen to relate to 
the opposite-sex trait scale. Additional research is needed 
to elucidate the factors producing this result, including 
replication of the study with a larger sample size. How-  
 
R2 = 0.136 
Salivary testosterone level (ng/mL) 
0.00   0.05    0.10    0.15    0.20    0.25    0.30   0.35
6 
 
5.5 
 
5 
 
4.5 
 
4 
 
3.5 
B
SR
I F
em
in
in
ity
 S
ca
le
 S
co
re
 
 
Figure 1. Salivary testosterone levels (ng/mL) and Bem Sex 
Role Inventory (BSRI) femininity scale scores in 21 men 
aged 18 - 24 (line of best-fit derived from Pearson’s correla-
tion). 
ever, we can speculate the results may be due to differing 
impacts of social versus biological factors on the devel-
opment of sex-typical and sex-atypical traits. It is possi-
ble that sex-typical traits are more heavily influenced by 
early socialisation, whereas opposite-sex typical traits are 
much less likely to be a result of socialisation, and there-
fore their development may be more related to underly-
ing biological factors. Much social research has looked at 
the aspect that how gender-congruent behaviour develops 
in the context of gender stereotypes via socialisation (so-
cial role theory e.g. [18]). 
Measuring circulating testosterone levels cannot iden-
tify the proximate mechanism by which testosterone may 
impact on sex-role orientation. It is possible there may be 
a direct relationship, or alternatively that adult testoster-
one levels may correlate with testosterone levels at key 
growth periods (e.g. prenatally, or at puberty), where 
organisational effects on the central nervous system may 
have occurred. Thus, current testosterone levels may 
serve as a proxy for earlier levels of testosterone which 
have the direct relationship with adult behaviour. Future 
studies should seek to relate the BSRI to pubertal, and 
prenatal testosterone levels in males, to elucidate which 
may have the most direct relationship to adult sex-role 
orientation. 
In summary, the current pilot study is the first to de- 
monstrate a relationship between testosterone levels and 
sex-role orientation in typically developed adult males. 
Specifically, testosterone was seen to correlate negatively 
to the opposite-sex trait scale (Femininity scale). Our 
preliminary results extend the research, which implicates 
androgens in sex role orientation in males via associa-
tions with 2D:4D, by demonstrating a relationship with 
salivary testosterone in adult males. In doing so, our re-
sults lend support to the suggestion that sex-role orienta-
tion may have a biological component related to under-
lying hormone levels. 
REFERENCES 
[1] S. L. Bem, “Bem Sex Role Inventory: Professional Man- 
ual,” Consulting Psychological Press, Palo Alto, 1981. 
[2] D. K. Deady, M. J. Law Smith, M. A. Sharp and E. A. S. 
Al-Dujaili, “Maternal Personality and Reproductive Am- 
bition in Women Is Associated with Salivary Testoster- 
one Levels,” Biological Psychology, Vol. 71, 2006, pp. 
29-32. http://dx.doi.org/10.1016/j.biopsycho.2005.01.009 
[3] D. H. Baucom, P. K. Besch and S. Callahan, “Relation 
between Testosterone Concentration, Sex Role Identity, 
and Personality among Females,” Journal of Personality 
and Social Psychology, Vol. 48, No. 5, 1985, pp. 1218- 
1226. http://dx.doi.org/10.1037/0022-3514.48.5.1218 
[4] A. Csatho, A. Osvath, E. Bicsak, K. Karadi, J. Manning 
and J. Kallai, “Sex Role Identity Related to the Ratio of 
Second to Fourth Digit Length in Women,” Biological 
Open Access                                                                                           JBBS 
M. J. LAW SMITH  ET  AL. 
Open Access                                                                                           JBBS 
521
Psychology, Vol. 62, 2003, pp. 147-156.  
http://dx.doi.org/10.1016/S0301-0511(02)00127-8 
[5] J. D. Wilson, “The Role of Androgens in Male Gender 
Role Behaviour,” Endocrine Reviews, Vol. 20, 1999, pp. 
726-737. http://dx.doi.org/10.1210/er.20.5.726 
[6] T. H. Rammsayer and S. J. Troche, “Sexual Dimorphism 
in Second-to-Fourth Digit Ratio and Its Relation to Gen- 
der-Role Orientation in Males and Females,” Personality 
and Individual Differences, Vol. 42, No. 6, 2007, pp. 911- 
920. http://dx.doi.org/10.1016/j.paid.2006.09.002 
[7] S. J. Troche, N. Weber, K. Hennings, C. R. Adresen and 
T. H. Rammsayer, “The Relationship of Digit-Ratio (2D: 
4D) and Gender-Role Orientation in Four National Sam- 
ples,” Journal of Individual Differences, Vol. 28, No. 2, 
2007, pp. 78-87.  
http://dx.doi.org/10.1027/1614-0001.28.2.78 
[8] M. Evardone and G. M. Alexander, “Anxiety, Sex-Linked 
Behaviors, and Digit Ratios (2D:4D),” Archives of Sexual 
Behavior, Vol. 38, No.3, 2009, pp. 442-455.  
http://dx.doi.org/10.1007/s10508-007-9260-6 
[9] M. Voracek, J. Pietschnig, I. W. Nader and S. Stieger, 
“Digit Ratio (2D:4D) and Sex-Role Orientation: Further 
Evidence and Meta-Analysis,” Personality and Individual 
Differences, Vol. 51, No. 4, 2011, pp. 417-422.  
http://dx.doi.org/10.1016/j.paid.2010.06.009 
[10] J. Imperato-McGinley, R. E. Peterson, T. Gautier and E. 
Sturla, (1979) Androgens and the Evolution of Male- 
Gender Identity among Male Pseudohermaphrodites with 
5a-Reductase Deficiency,” New England Journal of Me- 
dicine, Vol. 300, pp. 1233-1237.  
http://dx.doi.org/10.1056/NEJM197905313002201 
[11] J. Imperato-McGinley, R. E. Peterson, R. Stoller and W. 
E. Goodwin, “Male Pseudohermaphroditism Secondary to 
17b-Hydroxysteroid Dehydrogenase Deficiency: Gender 
Role Change with Puberty,” Journal of Clinical Endo- 
crinology and Metabolism, Vol. 49, 1979, pp. 391-395.  
http://dx.doi.org/10.1210/jcem-49-3-391 
[12] B. Auyeung, S. Baron-Cohen, E. Ashwin, R. Knickmeyer, 
K. Taylor, G. Hackett and M. Hines, “Fetal Testosterone 
Predicts Sexually Differentiated Childhood Behavior in 
Girls and in Boys,” Psychological Science, Vol. 20, 2009, 
pp. 144-148.  
http://dx.doi.org/10.1111/j.1467-9280.2009.02279.x 
[13] A. H. Heald, F. Ivison, S. G. Anderson, K. Cruickshank, I. 
Laing and J. M. Gibson, “Significant Ethnic Variation in 
Total and Free Testosterone Concentration,” Clinical En- 
docrinology, Vol. 58, No. 3, 2003, pp. 262-266.  
http://dx.doi.org/10.1046/j.1365-2265.2003.01653.x 
[14] A. Juul and N. E. Skakkebaek, “Androgens and the Age- 
ing Male,” Human Reproduction Update, Vol. 8, 2002, 
pp. 423-433. http://dx.doi.org/10.1093/humupd/8.5.423 
[15] C. L. Holt and J. B. Ellis, “Assessing the Current Validity 
of the Bem Sex-Role Inventory,” Sex Roles, Vol. 39, No. 
11-12, 1998, pp. 929-941.  
http://dx.doi.org/10.1023/A:1018836923919 
[16] J. M. Dabbs Jr., “Salivary Testosterone Measurements: 
Collecting, Storing, and Mailing Saliva Samples,” Physi- 
ology and Behaviour, Vol. 49, No. 4, 1991, pp. 815-817.  
http://dx.doi.org/10.1016/0031-9384(91)90323-G 
[17] E. A. S. Al-Dujaili, “Development and Validation of a 
Simple and Direct ELISA Method for the Determination 
of Conjugated (Glucuronide) and Non-Conjugated Tes- 
tosterone Excretion in Urine,” Clinica Chimica Acta, Vol. 
364, No. 1-2, 2006, pp. 172-179.  
http://dx.doi.org/10.1016/j.cccn.2005.06.019 
[18] A. Eagly, “Sex Differences in Social Behavior: A Social 
Role Interpretation,” Erlbaum, Hillsdale, 1987. 
 
